Introduction
Respiratory tract infections (RTIs) are among the most common diseases to affect humans with typical symptoms, such as rhinitis, cough, fever, and sore throat. 1 Most of these infections are caused by viruses. Bacterial RTIs are less common and often develop after a viral infection. In children <5 years, 95% of the sore throat cases are caused by viruses; 85%-95% in adults. Only in the group of 5-to 15-year-old children, this percentage is reduced to 70%. 2 Viruses associated with RTIs are picornaviruses (human rhinoviruses [HRV] ), coronaviruses (SARS-CoV, MERS-CoV, and human coronavirus [hCoV] OC43), ortho-and paramyxoviruses (influenza virus, parainfluenza virus (PIV), and respiratory syncytial virus), and adeno-and herpesviruses.
RTIs are transmitted from person to person by respiratory droplets or indirectly via contaminated surfaces. 4 A reduction of the viral load on the site of infection reduces the risk of transmission via both routes while simultaneously reducing the symptoms of the patients and a potential spread of infection to the lower respiratory tract. Locally acting lozenges or sprays reach the site of infection directly, hereby minimizing potential side effects due to limited systemic uptake while maximizing efficacy.
Lozenges containing the antiseptics and local anesthetics amylmetacresol (AMC)/dichlorobenzyl alcohol (DCBA) or hexylresorcinol (HR) are commonly used to treat the symptoms of sore throat. In 2005, Oxford et al 5 published that lozenges containing AMC and DCBA showed some virucidal effect in vitro on three enveloped viruses, such as RSV, influenza A virus, and a member of the coronavirus family, SARS-CoV. However, they were not active against non-enveloped HRV2 and a not otherwise specified member of adenovirus group C. Recently, Shephard and Zybeshari 6 showed some virucidal effect of AMC/DCBA and HR either as free substances or processed into lozenges on PIV3 and Cytomegalovirus or on PIV3 only, respectively. The mechanism of the virucidal action is not clear. However, the authors suggest a denaturation of external protein spikes, a pH-induced rearrangement of the tertiary structure of attachment proteins, or some selective effect on viral lipid membranes/protein-lipid interaction to be responsible for the morphological changes and the virucidal action. 5, 6 An approved antiviral that interacts with the viral surface is iota-carrageenan, a high molecular weight sulfated polymer derived from the red seaweed. The antiviral activity of iota-carrageenan is well-established. We published that it is a potent inhibitor of HRV1a, 2, 8, 14, 16 , and 83 7 and influenza virus A replication in vitro and in vivo 8 and demonstrated the antiviral efficacy against common cold viruses by intranasal administration in several randomized, double-blind, parallel group, placebo-controlled clinical trials. [9] [10] [11] [12] In order to treat viral throat infections, we developed lozenges containing 10 mg iota-carrageenan/lozenge as an active ingredient. Ten milligrams were chosen to guarantee antiviral activity throughout the whole dissolution process in the mouth, where all the lozenges components are diluted due to saliva production.
In viruses HRV1a and HRV8 as representatives of major and minor group HRVs, and Coxsackievirus A10, which is one of the causal agents of herpangina and hand-foot-and-mouth disease. Both diseases are accompanied by painful lesions in the throat predominately in children. As representatives of sore throat causing enveloped viruses, influenza virus A H1N1n and hCoV OC43 were chosen; the latter was tested using a hemagglutination inhibition (HAI) assay.
Next, we wanted to know whether the carrageenan liberated from the lozenge in the mouth is sufficient to guarantee antiviral activity throughout the entire dissolution process and whether this time span is sufficient to effectively reduce the titer of influenza virus A H1N1n and hCoV OC43.
Materials and methods

Test substances
Lozenges were weighed and dissolved in 5 mL water (for pH measurements; Table 1 ) or medium (for assays). Vials were placed on a horizontal shaker until lozenges were dissolved. Based on the weight of the lozenge and the volume of the solvent, a concentration of the active ingredient was calculated. This resulted in an iota-carrageenan concentration of 1400 µg/mL and a concentration of DCBA, AMC, and HR of 160, 80, and 315 µg/mL, respectively.
Cells and viruses
Human rhinovirus 1a and 8
The human cervical epithelial carcinoma cell line (HeLa) was obtained from the American Type Culture Collection (ATCC, Manassas, VA, USA). The cells were cultivated in Dulbecco's Modified Eagle's Medium (DMEM; Sigma Aldrich, Vienna, Austria) supplemented with 10% fetal bovine serum (Sigma 
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Local anesthetics and carrageenan as causative therapy against sore throat Aldrich) and 1% antibiotic-antimycotic mix (Sigma Aldrich) in a 37°C incubator (Sanyo, Okayama Prefecture, Japan; CO 2 : 5%, relative humidity: >95%). In all experiments a medium containing 2% fetal bovine serum and 1% antibiotic-antimycotic mix was used. HRV1a and 8 serotypes were obtained from the ATCC and grown on HeLa cells. The stocks were frozen at −80°C and virus titers were determined by 50% tissue culture infective dose (TCID 50 ) assay.
Coxsackievirus A10
The human rhabdomyosarcoma cell line (RD) was purchased from the ATCC. The cells were cultivated in DMEM (Sigma Aldrich) supplemented with 10% fetal bovine serum (Sigma Aldrich) and 1% antibiotic-antimycotic mix (Sigma Aldrich) in a 37°C incubator (Sanyo; CO 2 : 5%, relative humidity: >95%). A medium containing 1% antibiotic-antimycotic mix and 0% or 2% fetal bovine serum was used for infection and propagation, respectively. Human Coxsackievirus A10 was obtained from the ATCC and grown on RD cells. The stocks were frozen at −80°C and virus titers were determined by TCID 50 assay.
Influenza virus A/Hansa Hamburg/01/09 (H1N1n)
Madin-Darby canine kidney (MDCK) cells were obtained from the ATCC and cultivated as described elsewhere. 13 Influenza virus A/Hansa Hamburg/01/09 (H1N1n) was kindly provided by Peter Staeheli (Department of Virology, University of Freiburg, Germany) and propagated in MDCK cells as described elsewhere. 13 
Human coronavirus OC43
Vero (embryonic African green monkey kidney) cells were purchased from the ATCC. The cells were cultivated in OptiPro serum free medium (Life Technologies Thermo Scientific, Waltham, USA) supplemented with 4 mM L-glutamine (Sigma Aldrich) in a 37°C incubator (CO 2 : 5%, relative humidity: >95%). hCoV OC43 was obtained from the ATCC and propagated in the same medium. The stocks were frozen at −80°C and virus titers were determined by TCID 50 assay.
Methods
Cytotoxicity testing
Lozenges were dissolved with the respective assay medium. The toxicity testing was performed under the assay conditions of the respective antiviral assays. Cell survival was assessed with resazurin fluorescent dye and crystal violet (HeLa and RD cells) or crystal violet only (MDCK cells). The highest noncytotoxic concentration was used as starting point in the subsequent antiviral activity assays.
Cytopathic effect inhibition assay -HRV1a, HRV8, and Coxsackievirus A10
A cell-based assay in a 96-well format was used to test the antiviral effectiveness of the different lozenges solutions against HRV1a/8 and Coxsackievirus A10. Here, the virus was preincubated with a semilogarithmic dilution series of the respective test samples or control for 30 minutes at room temperature (RT; prophylactic treatment) before it was added to HeLa/RD cells for infection. After an infection period of 30 minutes at RT, cells were washed with medium and then cultured at 33°C (HRV) or 37°C (Coxsackievirus), hereby maintaining the same concentrations of active agent as in the prophylactic treatment. The antiviral effectiveness of the test samples was assessed by determining cell viability using resazurin fluorescent dye when >90% cells of a control infection in the absence of any active agent have died. An incubation of cells with the same dilution series in the absence of viral infection was performed to monitor a potential toxicity of the treatment. To enable direct comparison of the antiviral effectiveness of the lozenges, the half maximal inhibitory dilution (ID 50 ) value of each sample was calculated for a sigmoidal dose-response model with XLfit Excel add-in version 5.3.1. From this value, corresponding iota-carrageenan concentrations were calculated for the lozenge #1.
Focus reduction assay -influenza virus A H1N1n
The assay was performed as described elsewhere 13 with small adaptations to account for the high viscosity of the lozenges solutions. In short, the virus was preincubated with a semilogarithmic dilution series of lozenges or control solutions for 30 minutes at RT (prophylactic treatment) before it was added to a monolayer of MDCK cells for infection. After an infection period of 45 minutes at RT the inoculum was removed; cells were overlaid with semiliquid carboxymethylcellulose medium and then cultured at 37°C, hereby maintaining the same concentrations of active agent as in the prophylactic treatment. Staining was performed on fixed cells using an antibody directed against the influenza virus A nucleoprotein with a horse radish peroxidase labeled detection antibody and TMB as substrate. To enable direct comparison of the antiviral effectiveness of the lozenges, the ID 50 value of each sample was calculated for a sigmoidal dose-response model with XLfit Excel add-in version 5.3.1. From this value, corresponding iota-carrageenan concentrations were calculated for lozenge #1.
HAI assay -human CoV OC43
The highest nonhemolytic concentration of the test solutions was used as starting point for the dilution series. On a 96-well 
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Morokutti-Kurz et al plate, two hemagglutination units (HAU) of hCoV OC43/well were incubated with a semilogarithmic dilution series of test samples for 10 minutes at RT. A suspension of chicken red blood cells (RBC; 1%, v/v in phosphate-buffered saline [PBS]) was added to each well to allow hemagglutination (HA) of RBC by the virus for 1.5 hours at 4°C. At the time point of assay evaluation, control RBC in the absence of an antiviral were fully agglutinated by the virus, whereas inhibition of hemagglutination could be observed in samples treated with the test samples up to a certain dilution factor. The minimal inhibitory dilution (MID, lozenges solutions) or concentration (MIC, active ingredient, carrageenan) of each sample was noted for comparison of the antiviral effectiveness of each sample.
Determination of binding kinetics using iotacarrageenan beads
Beads were purchased from Bio Science Bead Div. of Colloidal Science Solution, Inc., Rhode Island, USA, 50-180 µm Lot# L-120809-1 and adjusted to 50% (v/v) in DMEM.
The virus working stocks (hCoV OC43 and influenza virus A H1N1n) were mixed with the iota-carrageenan bead solution to give a final bead concentration of 25% (v/v) and a HA titer of 7.5 HAU/50 µL. This corresponds to 9.43e6 hCoV OC43 and 3.03e4 influenza virus particles/well.
The virus/bead solutions were incubated at RT to allow binding of the virus to the beads for 1, 3, 6, 10, 15, 20, and 30 minutes. At the indicated time points, aliquots were taken. The virus/beads complexes were removed by centrifugation immediately. The supernatant containing unbound virus was harvested and kept at RT.
As a reference for the maximal viral load in the absence of beads, the virus working stock was adjusted with ½ the volume of DMEM to 7.5 HAU/50 µL and kept at RT. As soon as all supernatants were harvested, an HA assay was performed to determine the viral titer. To this end, a 1:1.25 serial dilution in DMEM was prepared in duplicates in a 96-well plate. A suspension of chicken RBC (0.5%, v/v in PBS) was added to each well to allow hemagglutination of RBC by the virus for 60 minutes at 4°C.
Results
Antiviral effectiveness of lozenges against hCoV OC43
First, the hemolytic activity of the different lozenges solutions was determined. In the case of the AMC/DCBA/HR lozenges, the applicable dilutions for the hCoV OC43 HAI assay were limited to dilutions ≥1:8 (lozenges #2, #5 , #8, and #9) or ≥1:32 (lozenges #3, #4, #6, and #7) because of a hemolytic effect of the lozenges solutions on chicken erythrocytes. Carrageenan containing lozenges did not show any hemolytic effect (data not shown). From all AMC/DCBA/HR containing lozenges tested, only lozenge #5 (AMC/DCBA) is active against hCoV OC43 at a dilution of ≤1:27. In contrast, the limit of the activity of lozenge #1 (carrageenan) was not reached under these assay conditions, indicating that it is at least 1622-fold more effective against hCoV OC43 than the most active of the AMC/DCBA/HR containing lozenges (lozenge #5) and 1368-to 5474-fold more effective than the other tested AMC/DCBA/HR containing lozenges with an MIC of carrageenan of <0.032 µg/mL (Figure 1 ).
Antiviral effectiveness of lozenges against HRV1a and HRV8
The effectiveness of lozenges #2 (HR), #3, #4, and #5 (AMC/DCBA) was tested in comparison to lozenge #1 (carrageenan) against HRV1a and HRV8 ( Table 2 ). All lozenges were diluted in 5 mL medium before their cytotoxicity was determined under standard assay conditions. Starting from the minimal tolerated dilution (1:16 for lozenges #1, #3, #4, and #5 and 1:50 for lozenge #2) a replication inhibition assay was performed as described in the "Materials and methods" section. Lozenge #1 is highly active against HRV1a with ID 50 values of 1:496-1:1273, which correspond to iota-carrageenan concentrations between 2.8 and 1.09 µg/mL. Hence, lozenge #1 is 2-, 6.6-, and 37-fold more active than AMC/DCBA containing lozenges #3, #4, and #5, and 8.5 times more active than HR containing lozenge #2. Carrageenan containing lozenge #1 is also highly active against HRV8 with ID 50 values of 1:889-1:1115, ie, at iota-carrageenan concentrations between 1.25 and 1.57 µg/mL. In contrast, none of the other tested lozenges shows any antiviral effect at the tested dilutions indicating that they were at least 22.3-to 69.7-fold less effective than lozenge #1.
Antiviral effectiveness of lozenges against Coxsackievirus A10
The effectiveness of lozenges #2 (HR), #3, #4, and #5 (AMC/DCBA) was tested in comparison with lozenge #1 DCBA, only lozenge #5 showed an antiviral effect against Coxsackievirus A10 at the testable concentrations. A dilution of 1:21 caused a 50% inhibition of the virus and was thus 11.1-fold less active than lozenge #1 with an ID 50 of 1:234; this corresponds to a concentration of carrageenan of 6.0 µg/mL (Table 3) .
Antiviral effectiveness of selected lozenges against influenza virus A H1N1n
The effectiveness of lozenges #2 (HR) and #3 (AMC/DCBA) was tested in comparison to lozenge #1 (carrageenan) which inhibits 50% of the virus replication at a dilution of 1:4524. This corresponds to an iota-carrageenan concentration of 0.31 µg/mL, whereas lozenge #3 shows the same effect when diluted only 1:9.7. Lozenge #2 did not show any antiviral activity at the tested concentrations (Table 4) .
Binding kinetics of influenza virus A H1N1n and hCoV OC43 to iota-carrageenan beads
The antiviral effect of carrageenan is conferred through direct binding of the polymer to viral particles. 7 To assay the time dependency of this interaction, two representative respiratory viruses (influenza virus A H1N1n and hCoV OC43) were incubated with iota-carrageenan beads. At different time points the beads/virus complexes were separated from the solution by centrifugation; the remaining virus in the supernatant was quantified using a classical HA assay.
Within 3 minutes, the initial viral load of 3.03e4 influenza virus and 9.43e6 hCoV OC43 particles/well is reduced by 57% and 82%; within 10 minutes by 72% and 91%, respectively. After 20 minutes, the viral load drops below the detection limit (Figure 2 The medium dissolution time of the lozenge in the mouth was determined to be 13 minutes and 20 seconds. During this period, the viral titer is reduced by 85% and 91% for influenza virus A and hCoV OC43, respectively.
Discussion
In 2005, Oxford et al 5 described a virucidal effect on enveloped viruses (influenza A virus, RSV, and SARS coronavirus) but not on non-enveloped viruses (HRV, adenoviruses) for lozenges containing AMC/DCBA at a low pH. Currently a series of such lozenges with the same active ingredients but different flavors is available; additionally, lozenges were marketed, containing HR, as active agent. Shephard and Zybeshari 6 tested the virucidal effect of AMC/DCBA and HR either as free substances or processed into lozenges. The experimental setup was the same in both publications. Lozenges were diluted in 5 or 4.5 mL artificial saliva or medium. Nine parts of the lozenges solution were then directly mixed with one part of the respective virus stock at a known titer. After different contact times, the residual infective virus was determined using quantitative titration. Oxford et al 5 also checked for morphological changes using electron microscopy and found clumping of viruses and denaturation of spike proteins within 2 minutes of contact time. From these results it is concluded that lozenges containing either AMC/DCBA or HR might exhibit a local antiviral effect in patients with sore throat due to viral RTIs. However, the experimental setup does not allow the extrapolation of these data to a potential clinical effect. Dissolution of the lozenge in the mouth stimulates saliva production, resulting in a flow rate of 1.5-6 mL saliva/minute.
14 As a consequence, 20-80 mL saliva were produced during the whole dissolution process of 13 minutes and 20 seconds. Therefore, the concentration of matrix and active ingredients at which the effect of the AMC/DCBA or HR containing lozenges was 
Superiority of lozenge #1
Lozenge #1 (1) 1273.0±409.0 NA Lozenge #2 (1) 150.4±55.4 8.5-fold Lozenge #3 (1) 34.4±21.6 37.0-fold Lozenge #1 (2) 496.0±131.0 NA Lozenge #4 (2) 246.0±41.0 2.0-fold Lozenge #5 (2) 75.4±42.1 6.6-fold Effectiveness against HRV8 Lozenge #1 (1) 1115.0±671.0 NA Lozenge #2 (1 Original]) were tested in parallel with lozenge #1 (Coldamaris ® , carrageenan) as anti-virally active reference. Abbreviations: CI, confidence interval; IV, influenza virus; ID 50 , half maximal inhibitory dilution factor; NA, not applicable. 
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Local anesthetics and carrageenan as causative therapy against sore throat tested is 4-16 times higher than any achievable concentration in the mouth. Thus, we wanted to test a set of commercially available AMC/DCBA or HR containing lozenges using classical replication inhibition assays against a variety of representative respiratory viruses. We chose, as members of the picornavirus family (non-enveloped), HRV1a, HRV8, and Coxsackievirus A10, and influenza virus A H1N1n, as a representative of the orthomyxovirus family (enveloped). Additionally, we hypothesized that denatured spike proteins lose their ability to cause hemagglutination of chicken erythrocytes. Therefore, we utilized an adapted HAI assay to determine the effect of the observed morphological changes. We chose enveloped hCoV OC43 as a representative of the coronaviruses, as they were responsible for ~20% of RTIs. 3 The AMC/DCBA/HR containing lozenges were tested head to head with carrageenan containing lozenges. To allow for the different lozenges to be compared directly despite their different active ingredients, instead of the conventional half maximal inhibitory concentrations (IC 50 , in replication inhibition assays) or MIC (in HAI assay) of the specific antiviral, ID 50 or MIDs of the lozenges solutions were calculated.
From all AMC/DCBA/HR containing lozenges tested against hCoV OC43 the following were chosen to be further evaluated in various replication inhibition assays due to the following considerations: lozenges #3 and #5 both contain AMC/ DCBA as active ingredients at a similar pH, namely 2.2 and 2.3. Nonetheless, only lozenge #5 was active against hCoV OC43, wherefore it was included into the HRV and Coxsackievirus A10 experiments. To exclude the possibility that a potential antiviral activity is rather a result of the low pH than of the active ingredients, lozenge #4, with the same active agents but a pH of 5.8, was included into the test series. Lozenge #2, with a pH of 5 was tested as it is the only lozenge that contains HR.
Different to the findings of Oxford et al, 5 who did not see any virucidal effect on minor group HRV2, we found AMC/ DCBA containing lozenges #3 and #4 to be slightly and highly active against minor group HRV1a, respectively. Lozenge #2, containing HR as active ingredient, was moderately antivirally active. In the case of HRV8, a member of the major group rhinoviruses, the by far largest group of rhinoviruses, we could confirm the findings of Oxford et al. 5 None of the tested AMC/DCBA or HR containing lozenges showed any antiviral activity at the testable concentrations. In contrast, lozenge #1 was highly active against HRV1a and HRV8, with 2-to 67.9-fold superiority toward all tested other tested lozenges.
Among the lozenges containing AMC/DCBA, only lozenge #5 showed an antiviral effect against Coxsackievirus A10 at the testable concentrations, whereas lozenge #3, with a similar pH and the same concentration of active ingredients was noneffective.
These results indicate that neither the low pH of lozenge #5 and #3 nor the isolated effects of the active ingredients but rather one or more of the excipients/additives of the specific formulations were responsible for the antiviral effect. This is in good accordance with the results of Shephard and Zybeshari 6 who found a pronounced virucidal effect of the placebo lozenges.
As we could exclude a potential influence of the pH on the antiviral activity, we reduced the number of AMC/DCBA and HR containing lozenges to two formulations containing different active ingredients: lozenge #2 (HR) and lozenge #3 (AMC/DCBA).
In accordance with the data published by Oxford at al 5 we found some moderate activity of the AMC/DCBA containing lozenge #3 against influenza virus A. However, lozenge #1 (carrageenan) was 11.3 times more effective in inhibiting replication than lozenge #3, whereas lozenge #2 was ineffective at the testable concentrations.
Next, we wanted to know whether the carrageenan liberated from the lozenge #1 is sufficient to guarantee antiviral activity throughout the entire dissolution process and whether this time span is sufficient to effectively reduce the titer of influenza virus A H1N1n and hCoV OC43. To this end, we studied the binding kinetics of these two viruses to iotacarrageenan beads.
We previously utilized beads to study the mechanism of the antiviral effect of various polymers. We found that the virus binds to iota-carrageenan beads, but not to agarose beads, and that the binding can be inhibited in the presence of an excess of dissolved iota-carrageenan. Thus, it was shown that binding of virus by iota-carrageenan beads is specific and that the virus binding mechanism of iota-carrageenan is identical in its dissolved and bead-coupled form. This qualifies iota-carrageenan beads to be used as a tool for studying the time dependency of virus binding by the polymer.
Next, we determined the average lozenge dissolution time under real conditions. Four independent test subjects dissolved a lozenge in their mouth. The timespan needed for complete dissolution was measured, and the medium time calculated from these results (13.34±2.34 minutes; data not shown). In another experiment, we found that the amount of carrageenan liberated from the lozenge is sufficient to guarantee antiviral activity throughout the entire dissolution process (873-62.1 µg/mL carrageenan, from the beginning of dissolution until the end, where almost no lozenge is left). The International Journal of General Medicine is an international, peer-reviewed open-access journal that focuses on general and internal medicine, pathogenesis, epidemiology, diagnosis, monitoring and treatment protocols. The journal is characterized by the rapid reporting of reviews, original research and clinical studies across all disease areas.
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Morokutti-Kurz et al However, it was not clear whether the average timespan that has been observed for the dissolution of a lozenge #1 is sufficient to effectively reduce the titer of representative respiratory influenza virus A H1N1n and hCoV OC43. Therefore, the binding kinetics of representative influenza virus A H1N1n and hCoV OC43 to iota-carrageenan beads was determined using an HA assay.
In this experiment, within the first 3 minutes, the viral load was reduced by 57% and 82%, and within 10 minutes by 72% and 91% for influenza virus A H1N1n and hCoV OC43, respectively. After 20 minutes, the viral load dropped below the detection limit. The medium dissolution time of the lozenge in the mouth was determined to be 13 minutes and 20 seconds. During this period, the viral titer was reduced by 85% and 91% for influenza A and hCoV OC43, respectively.
Conclusion
Taken together, the antiviral effect of the AMC/DCBA and HR containing lozenges varies widely, depending on the specific formulation of the lozenges and the the virus which causes the sore throat. This questions their suitability to be used as causative therapy in a clinical setting, where the disease causing virus mostly remains unknown. In contrast, carrageenan containing lozenges were highly active against all viruses tested, with a minimum superiority toward all other lozenges of 2-to 1368-fold for HRV1a and CoV OC43, respectively. Therefore, iota-carrageenan containing lozenges are an appropriate measure to effectively reduce the number of viral particles in the mouth. They can be used as a causative therapy against viral infections of the throat.
